ABSTRACT
It has been suggested that ABA and decanoic acid are involved in iris bulb dormancy (2, 17, 18) . This suggestion was made because Avena straight growth bioassay of iris bulb extracts indicated that there was a decrease over time of inhibitory activity in acid and neutral fractions from bulbs stored at 20°C; whereas, with storage at 10°C, similar decreases in activity were not detected. Also, leaf elongation occurred at 20°C, but not at 10°C. In a related study (1) , somewhat conflicting results were obtained. Inhibitory activity of an acidic fraction possessing chromatographic characteristics similar to those of ABA, decreased with storage at 9°C. Activity of a neutral fraction, that these investigators said might be due to certain fatty acids, increased with storage at 9°C. Bulbs in this study were stored at a high temperature (30°C) for 2 weeks prior to storage at 9°C. In another investigation (14) , where bulbs were grown at 15°C, it was found that ABA-like materials in the leaves increased in concentration ' Scientific The study reported herein was carried out to determine whether exogenously applied ABA and/or decanoic acid could influence the behavior of iris meristems cultured in vitro. In addition, an assessment was made of endogenous ABA and decanoic acid level changes during growth of iris bulbs in the field, and during the postharvest period, when bulbs are subjected to controlled temperature storage treatments required for early flowering (7, 9, 1 1). (8) . The medium contained M GA3 (ICN Pharmaceuticals) prepared from the potassium salt. In addition, ABA (Sigma Chemical Co.) and decanoic acid (Sigma) were added to the tubes using a factorial treatment combination with 10 tubes/treatment arranged in randomized complete blocks with 2 tubes/treatment per block, and with ABA levels of 1O6-, I-5, or l0-3 M and decanoic acid levels of 10-5, 10-4, or l0-3 M. Growth regulators were sterile filtered prior to addition to the 25 x 150-mm culture tubes. Decanoic acid was added to liquid medium (50°C) in 50% (w/v) ethanol and the medium was shaken prior to cooling. Tubes contained 10 ml of medium. Cultures were incubated in the dark at 10°C for 85 to 92 d. At the end of this time, the shoot length of the meristem explants was measured and the floral stage was ascertained (6 Table III are means with SE for four determinations made using the subdivided extract (see above) and are not means for four separate extracts. Decanoic Acid Determination. Either 40 g of scale tissue or all the nonscale tissue from a sample of eight iris bulbs was used in the decanoic acid extraction. Bulbs 10 to 11 cm in circumference were used. The extract was prepared by homogenizing tissue in 80% (v/v) methanol at 0°C. The filtered extract was subdivided into four equal aliquots. Methanol was evaporated at 30°C in vacuo and the pH of the remaining aqueous phase was adjusted to 3. The acidified extract was partitioned three times against equal amounts of ethyl acetate. After reducing the organic phase to a small volume, methyl esters were prepared (10) .
MATERIALS
Decanoic acid methyl ester was determined gas chromatographically using a Tracor 550 gas chromatograph equipped with a flame ionization detector. A 1.9 m x 2-mm (i.d.) glass column packed with 3% (w/w) SP 2100 on 100 to 120 mesh Supelcoport and heated to 150°C was used. Detector and injector were maintained at 2600C. Nitrogen gas, at a flow rate of 30 cc/min, was used as carrier.
Comparison of peak heights using a methyl decanoate (Alltech Associates) standard curve was used to measure the amount of decanoic acid in the extracts. Recovery was calculated using a [1-'4CJdecanoic acid internal standard and liquid scintillation counting of an aliquot of the esterified preparation. Values reported in Table IV 
RESULTS
ABA and decanoic acid both inhibited iris bulb explant leaf growth and flowering (Table I) . ABA was about 1000 times more potent an inhibitor of shoot growth and floral initiation than decanoic acid (on a molar basis). Moreover, whereas flowering was completely inhibited by ABA at 10-5 M, at the highest concentration of decanoic acid used (10-3 M), some meristems underwent floral initiation. ABA effects on shoot growth (probability of effect due to chance [P] c 0.0001) and on floral development (P c 0.0001) were significant. Similarly, decanoic acid 77 .3 ± 20.6 ng/g in nonscale tissue). With 48 weeks of retarding of bulbs harvested in 1979, the ABA levels were lower (7.3 ± 1.2 ng/g in scales, 38.0 ± 7.9 ng/g in nonscale tissue).
Bulbs harvested October 10, 1981 and bulbs from the precooling treatment showed pronounced shoot growth. With these bulbs, although the ABA concentration was relatively low, the amount of nonscale ABA per bulb was high. This occurred because sprouting increased the amount of nonscale tissue.
Decanoic acid levels at various harvest dates did not follow any pattern (Table IV) . Bulbs sampled after heat curing, stabilization, and precooling exhibited an increase in nonscale decanoic acid over that measured at harvest on August 10, 1981. After 16 weeks of retarding, the decanoic acid level in the nonscale tissue was three times that measured at harvest. As with ABA, sprouting of bulbs harvested October 10, 1982 and of precooled bulbs resulted in increases in the amounts of decanoic acid per bulb over values seen with unsprouted bulbs.
DISCUSSION
In previous studies with iris (1, 2, 14, 17, 18 ) the A vena coleoptile straight growth test or iris leaf sections (17) were used to evaluate inhibitory activity in extracts from leaves or bulbs. Tissue was sampled at various times during the life cycle of the plant. On the basis of these investigations, it was proposed that ABA plays a role in dormant bulb development (14) and that both ABA and decanoic acid are involved in the control of bulb dormancy (2, 17, 18) . However, results were based on bioassay rather than periodic chemical measurement of ABA or decanoic acid levels.
Methods for culturing iris apices in vitro have been developed (8, 15) . Thus, it is possible to investigate the effect of growth regulators on meristem behavior. When iris apices were treated with ABA, there was a marked inhibition of both leaf growth and floral development (Table I) . Inhibition, albeit less pronounced, was also obtained with decanoic acid treatment. Tsukamoto (17) and Tsukamoto and Ando (18) reported a strong synergism between decanoic acid and ABA in inhibiting elongation of iris leaf sections and in inhibition of Avena coleoptile growth. No synergism with respect to inhibition of leaf elongation was detected with cultured meristems.
The indication of a significant interaction between ABA and decanoic acid in influencing floral development should be discounted because no flowering occurred with the majority of the treatment combinations (Table I ). This resulted in an unreasonably high F-value for the interaction. Moreover, the probability of obtaining the observed F-value for interaction by chance was an order of magnitude larger than the probabilities of obtaining the observed F-values for main treatment effects (see "Results").
Based on treatment effect means for shoot length, both ABA and decanoic acid dose-response relationships were described fairly well by log linear equations (ABA: shoot length = -3.9 log (ABA) -15.2; r =-0.97 with I degree of freedom; decanoic acid: shoot length = -1.15 log (decanoic acid) + 0.8; r = 0.89 with 1 degree of freedom). With ABA, 50% inhibition would be predicted to occur with ABA at 2.3 x 10-6 M, whereas 50%o inhibition would be predicted at 1.4 total bulb basis, ABA levels were relatively low in those bulbs that received a complete set of preplanting treatments, the ABA levels in the region of the growing point (nonscale tissue) were higher than at harvest. This was true even though shoot growth had begun in these bulbs. It is possible that the relatively high ABA levels in the bulbs harvested in midsummer and in bulbs subjected to heat curing or retarding were due to heat or moisture stress (19) . There is no clear-cut evidence to support the idea that ABA plays a role in bulb dormancy.
A definitive pattern in decanoic acid concentration with harvest date was not observed, and sprouted bulbs did not possess unusually small amounts of decanoic acid (Table IV) . Ando and Tsukamoto (2, 18) reported that decanoic acid and related compounds are important inhibitors present in a neutral fraction from dormant iris bulbs. They used the Avena straight growth test (2) , and an Iris leaf section elongation bioassay (17) to measure inhibitor content. Berrie (4) suggested that short chain fatty acids are involved in oat seed dormancy. Treatment with straight chain C7, C8, and Cs fatty acids was most effective in inhibiting germination (5). However, Metzger and Sebesta (13) recently showed that nonanoic acid inhibited oat seed germination in a way that was physiologically and biochemically distinct from inhibition seen with natural dormancy. Moreover, in this study, no correlation between the levels of short chain fatty acids in oat seed growing points and the state of dormancy were observed. These workers attributed the inhibitory effect of nonanoic acid to disruption of cell membranes. Similarly, there is no good evidence that decanoic acid plays a physiological role in iris bulb dormancy and its effect on iris meristems grown in vitro and on A vena coleoptile growth could easily be due to a nonspecific inhibition.
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